BACKGROUND: Severe adolescent obesity (body mass index (BMI) 499.6th centile) is a significant public health challenge. Current non-invasive treatments, including community-based lifestyle interventions, are often of limited effectiveness in this population, with NICE guidelines suggesting the use of bariatric surgery as the last line of treatment. Health professionals are understandably reluctant to commission bariatric surgery and as an alternative, the use of an intra-gastric balloon as an adjunct to a lifestyle programme might offer a reversible, potentially safer and less invasive option. OBJECTIVES: Explore the use of an intra-gastric balloon as an adjunct to a lifestyle support programme, to promote weight loss in severely obese adolescents. Outcomes included weight loss, waist and hip measurements, psychosocial outcomes including healthrelated quality of life (HRQoL) and physical self perceptions, physical activity and cardiorespiratory fitness. METHOD: Non-randomised pilot study. RESULTS: Twelve severely obese adolescents (5 males, 7 females; mean age 15 years; BMI 43.5 s.d.; puberty stage 4 or more) and their families were recruited. Mean weight loss at 12 months (n = 9) was 3.05 kg ± 14.69; d = 0.002, P = 0.550, and a BMI Z-score (n = 12) change of 0.2 s.d.; d = 0.7, P = 0.002 was observed at 6 months with a large effect, but was not sustained at 12 months (mean change 0.1 s.d.; d = 0.3, P = 0.146). At 24 months (n = 10), there was a weight gain from baseline of +9.9 kg ± 1.21 (d = 0.4; P = 0.433). Adolescent and parent HRQoL scores exceeded the minimal clinical important difference between baseline and 12 months for all domains but showed some decline at 24 months. CONCLUSION: An intra-gastric balloon as an adjunct to a lifestyle support programme represents a safe and well-tolerated treatment approach in severely obese adolescents, with short-term effects on weight change. Improvements in psychosocial health, physical activity and cardiorespiratory fitness were maintained at 12 months, with varying results at 24 months.
INTRODUCTION
Evidence shows that severe obesity (body mass index (BMI) 499.6th percentile) in children and adolescents is the fastest growing sub category of obesity. 1 Severe obesity has been shown to have marked immediate and long-term consequences (Kelly et al.
2 ) on health and well-being associated with significant physical morbidity (discussed in detail in Sachdev et al., this issue) as well as greater risk of developing psychiatric conditions such as mood issues hopelessness and suicide attempts. 3 High BMI (that is, above the 99th centile) is associated with lower body image and self-esteem in young people, 4 with many exhibiting social difficulties often due to enduring episodes of being bullied and teased about their weight. Obese children are also usually socially isolated and find it difficult to form relationships. 5 In England, with 2.9% of girls and 3.9% boys aged 10-11 years classified severely obese, 6, 7 this represents a large number of children whom require obesity treatment. 7 Current treatment guidelines 8 recommend multi-component lifestyle programmes, that focus on promotion of physical activity, healthy diets and behavioural change, with consideration of pharmacotherapy and bariatric surgery if the BMI is 4+3.5 s.d. and comorbidities are present or +4 s.d. without comorbidity. 9 In severely obese adolescents, for whom current treatments have proved ineffective at promoting significant and sustained weight loss, novel treatments are required that bridge the gap between lifestyle programmes and bariatric surgery, which many health professionals are understandably reluctant to consider and commission. 2 Intra-gastric balloons were first used in adults over 25 years ago 10 and have been demonstrated to offer a less invasive, reversible option, which potentially could be suitable for severely obese adolescents. 11 Little data is available regarding the acceptability and potential efficacy of the combined use of an intra-gastric balloon and a lifestyle support programme with severely obese adolescents. 11 The purpose of conducting this pilot study was to explore the use of an intra-gastric balloon as an adjunct to a lifestyle support programme specifically tailored to the needs of severely obese adolescents and their families, with the primary aim to induce weight loss. This paper presents study findings on BMI Z-score, physical activity and cardiorespiratory fitness and psychosocial well-being including health-related quality of life (HRQoL) and physical self perceptions, outcomes at 12 months (6 months post balloon removal) and 24 months (18 months post balloon removal). Additional biomedical outcomes are presented in Sachdev et al., this issue.
MATERIALS AND METHODS
A through explanation of the methods for this study, including a detailed description of the lifestyle programme content is published elsewhere. 12 Briefly here, the lifestyle programme was underpinned by recognised models of health-related behaviour change including the transtheoretical model and theory of planned behaviour. 13, 14 The primary aim of the lifestyle programme was to reduce weight and promote positive behaviour change, see Figure 1 for a diagram presenting an overview of the intervention. It also aimed to maintain positive outcomes in the longer term by encouraging young people and their families, to focus on achieving a healthy, active lifestyle as well as addressing emotional well-being. Integration of the home environment and family members were crucial in helping to identify and support progress. The multi-component intervention, led by research fellow (LR) at an English university, included behaviour change strategies to increase families' physical activity, improve eating behaviour, provide social support as well as deliver supervised exercise sessions. 8, 9 Programme activities made links between thoughts and emotional responses that could affect an adolescent or family member's behaviour, all targeted on enhancing the families' ability to cope and respond to everyday tasks in a healthy way. A unique feature of the BOB (balloons in obesity study) intervention design, was the explicit mapping of all the behaviour change techniques involved within the protocol to the taxonomy of behaviour change for physical activity and healthy eating behaviours. 12, 15 Participants were recruited from a pediatric clinic at Sheffield Children's Hospital, to participate in a non-randomised pilot study. The sample size (n = 12) was selected as the optimal size for a pilot study, 16 balancing the requirements of obtaining data on potential outcomes, and recruitment, with the number of individuals receiving an unproven treatment modality. 16 BOB, involved the insertion of an intra-gastric balloon (ORBERA-inflated to 500 ml) placed in situ, endoscopically under general anaesthesia. The balloon remained in situ for 6-months. Participant's and their families received an intense lifestyle support programme for 9 months; beginning 1 month before balloon insertion, 6 months during balloon placement and two month's maintenance phase post balloon removal.
OUTCOME MEASURES
The primary outcome was change in body weight and BMI Z-score at 12 months following adherence to the lifestyle programme for 9 months, and balloon insertion for 6 months. Change in body weight and BMI Z-score at 6 months were also assessed. Secondary outcomes assessed physical activity and cardiorespiratory fitness, psychosocial well-being including pediatric HRQoL and physical self perceptions, along with adherence to the lifestyle programme. Outcome measures at 24 months have also been given to show longer term impact. Assessments All secondary outcomes were assessed at baseline, 4 weeks before balloon insertion, balloon removal after 6, 12 (6 months post balloon removal) and 24 months (18 months post balloon removal).
Anthropometrics
Weight was measured to the nearest 0.1 kg using a balance scale. Height was measured using a wall-mounted stadiometer to the nearest 0.1 cm. BMI was converted to Z-scores based on the 1990 UK Growth Reference curves 17 with s.d. 499.6th severely obese. All participants were classified as severely obese.
Health-related quality of life Adolescent self-reported HRQoL was assessed via the pediatric quality of life inventory, PedsQL, 4.0 generic module 18 for 13-18 year olds. The inventory is widely used with its feasibility, reliability and validity strongly tested in this population. 19 In this paper, a score consisting of all 23 items is reported as a total score, with a psychosocial summary score combining all 15 items assessing emotional ('I feel sad'), social ('I have trouble getting along with other teenagers') and school functioning ('I find it hard to pay attention in class') and a physical score including eight items ('I find it difficult to bathe myself'; 'I find it difficult to run'). The parental proxy measures for the same components are also captured. Following reverse scoring, scores range from 0 to 100 with higher scores indicating a higher HRQoL. Individual scale scores are given and interpreted against the minimal clinically important difference specified, for example; a 4.4 change in the total scale score for child self-report is the minimal clinically meaningful difference. Likewise, a 4.5 change in the total scale score for parent proxy-report is a minimal clinically meaningful difference. 20 Physical self perceptions (Fox and Corbin, 1989 ) and self perceptions (Harter, 1988) Self-perception was measured on the subscale from the children and youth physical self-perception profile (CY-PSPP) developed in 1989 (ref. 21 ) and adapted for use in children in 1995. 21 The CY-PSPP contains six subscales; sport/athletic, attractive body adequacy, condition and strength competence as well as physical and global self-worth. The CY-PSPP assessed the degree to which young people viewed themselves as competent in a variety of physical domains. 22 Each question contains two statements relating to either a positive perception of competence or a negative perception of competence. Items measuring social acceptance, scholastic competence and global self-worth were taken from Harter's self-perception profile for adolescent. 23 The social acceptance subscale assessed the degree to which the adolescent feels accepted by their peers, feels popular, has lots of friends and feels that he/she is easy to like. The scholastic competence items assessed participants' perception of their competence or ability within the school context. The global self-worth subscale assesses the extent to which participants like themselves as a person and the way they are living their lives. Score responses range from 1 (very slightly) to 5 (extremely).
Physical activity
The physical activity questionnaire for adolescents (PAQ-A) 24 was used to capture self-reported data of the adolescent's participation in physical activity 7 days before completion. Questions focus on (1) spare time physical activity, (2) physical education, (3) lunchtime physical activity, (4) extracurricular activities, (5) evening activity and (6) weekend activity. Scores are on a scale of 1 (not active)-5 (very active), which are then totalled to provide an average PAQ-A, score. Cardiorespiratory fitness The modified Balke treadmill protocol was used to assess cardiorespiratory fitness. 25, 26 Participants walk consistently at a speed of 3 miles per hour commencing at 6% gradient, which increases incrementally by 2% every 2 min. Heart rate and rating of perceived exertion-an individual's perception of exertion during physical effort 27 are recorded each minute. The test ended when the adolescent felt they could no longer continue and time terminated is recorded.
Statistical analysis
Based upon the small size and the pilot nature of this data set, results are expressed as means, s.d's. with the corresponding 95% confidence interval (95% CI). Effect sizes (Cohen's d) 28 are presented to highlight the magnitude of the change observed between groups, as recommended by Winter et al. 29 In addition, paired analysis (two-sided paired t-tests) with the corresponding P-values is reported. Owing to the pilot nature of this study, P-values must be interpreted with caution.
RESULTS

Sample characteristics
Participants were recruited between October 2012 and July 2013 following referral from pediatric consultants in the Yorkshire region. Informed consent was obtained for all participants. All balloon insertions and removals were completed by March 2014. The sample included 12 severely obese adolescents (5 males, 7 females; average age 15 years; BMI 43.5 s.d.; puberty stage 4 or more) and their families. Baseline characteristics are displayed in Table 1 as a group and split by gender. Ten families were from Caucasian descent with one black and one with mixed family origin. All but two of the families (Lincolnshire and Stockport) were living in the Yorkshire and Humber region with 11 families living in areas of highest deprivation (multiple deprivation quintiles 1 and 2) with 1 family living in quintile 3 (indices of multiple deprivation, 2010). All agreed to travel to Sheffield for the lifestyle sessions and committing to participate in the study for 2 years.
Protocol adherence All 12 participants recruited completed their 6-month assessments with 9 participants (75%) attending their 12-month follow up and 10 attending 24 month follow-up (75%). Reasons for not attending; one lost to follow up, one experienced a severe mental health episode unrelated to the study requiring hospitalisation and one cancelled the appointment.
Adherence to the lifestyle programme, measured against the research protocol, from baseline to 12 months varied among the participants, with a group average of 16 sessions (42%) ranging from 3 to 29 sessions, (7-74% adherence with the protocol). During balloon insertion, an average attendance of 14 sessions (46%), ranging from 3 to 25 sessions (10-83%) occurred, which dropped markedly during the maintenance phase (1 month post balloon removal) (average 2 sessions; 19%).
Primary outcome A mean weight loss at 6months (n = 12), balloon removal was 7.05 kg ± 7.13 (d = 0.3; P = 0.006) and at 12 months (n = 9) was 3.05 kg ± 14.69 (d = 0.002; P = 0.550). At 24 months (n = 10), there was a weight gain from baseline of +9.9 kg ± 1.21 (d = 0.4; P = 0.433). A BMI Z-score (n = 12) change of 0.2 (d = 0.7; P = 0.002* (*P o0.05)), as observed at 6 months with a large effect, but was not sustained at 12 months (mean change 0.1 s.d.; d = 0.3; P = 0.146). At 24 months, BMI Z-score has increased by 0.2 ± 0.2 (d = 0.2; P = 0.451). A reduction in waist circumference at 6 months (n = 9) of 13.78 ± 11.95 cm (d = 0.6; P = 0.16) was evident and at 12 months was (n = 9), 10.47 ± 17.46 cm (d = 0.5; P = 0.110), although hip circumference increased by 3.15 cm (d = 0.2; P = 0.799) at 12 months-higher than at baseline. This could be explained through individual variations within the sample. See Table 2 for all outcome data for the group at baseline, 6, 12 and 24 months.
Secondary outcomes Psychosocial outcomes
Health-related quality of life: HRQoL scores improved across all domains from baseline to 12 months for the adolescent's and their parents. Parental perceptions of their adolescents' scores were consistently lower than their adolescent scores. Largest change for adolescents was seen in the physical summary scores (mean difference 13.5; d = 0.7; P = 0.035) with parent's total HRQoL score (mean difference 16.16; d = 1.2; P = 0.838). A decline across HRQoL scores was observed between 12 and 24 months yet scores remained higher than at baseline.
Physical self perceptions
Reductions were observed in sport competence, conditioning competence, strength competence and global self-worth, when comparing baseline with 12 months. A large increase was seen in attractive body adequacy (mean difference 0.36; d = 3.6; P = 0.403). Social and scholastic scales also showed a reduction at 12 months. At 24 months scores were maintained yet an increase in physical self-worth was observed (mean difference 0.33; d = 0.8; P = 0.358).
Physical activity and cardiorespiratory fitness Self-reported PAQ-A scores, marginally decreased at 6months (mean difference 0.19; d = 0.3; P = 0.891), returned to baseline at 12 months (mean difference 0.09; d = 0.1; P = 0.992) but decreasing at 24 months. Cardiorespiratory fitness peaked at 6 months (mean difference 282.7; d = 1.9; P = 0.013* (*P o0.05)) with improvements maintained higher than baseline scores, at 12 months (167.2; d = 1.14; P = 0.069). Only two participants completed 24 month follow-up.
DISCUSSION
To the best of our knowledge, this is the first study focusing on the treatment of severe obesity (499.6th centile) in adolescents that adopts a novel approach, combining an intra-gastric balloon as an adjunct to a lifestyle support programme delivered over a 12 month period.
This unique holistic treatment demonstrates its safety and acceptability in a small pilot of severely obese adolescents. The intra-gastric balloon was well-tolerated with all participants experiencing minimal side effects such as sickness and diarrheoa, with all participants living with the balloon for the full 6-month period. Obesity treatment programmes are commonly associated with high attrition and drop out rates. 8 In this study, 75% of participants and families remained in the study at 12 months and attended their follow-up appointment. Adherence with the lifestyle protocol varied significantly, ranging from 7-to 74%-a finding similar to previous studies. 30 Although there is a need for effective treatment, identifying the variables associated with attrition could have a direct implication on enhancing adherence rates, thereby potentially enhancing effectiveness. 31 No criteria was set for distance to travel for the intervention, resulting in participants from across the Yorkshire and Humber and outside the region as well-being recruited, which could have affected adherence rates.
Intra-gastric balloon treatment is temporary, placing great importance on weight maintenance post balloon removal. Previous evidence in adults 11, 32 infers a weight loss at treatment completion not only sufficient to obtain health benefits, but of higher efficacy estimations than for alternative treatments including Orlistat. 33, 34 However, available follow-up data shows the majority of weight lost is regained 1 year post treatment.
11
The results from this pilot study appear to support the short-term effects observed in adults, with adolescents achieving a BMI Zscore reduction of 0.2 s.ds. at 6-months offering health benefits 33 yet were not maintained at 12 months. It is recommended to incorporate strategies on weight loss maintenance and relapse prevention for weight regain into treatment approaches. 8 Despite, a structured 8-week maintenance phase built into the BOB study design, uptake from participants and families was poor following balloon removal. Additional research into the effective strategies for adolescents at this time is needed to maximise treatment success and prevent weight regain post treatment. 35 Overweight and obese young people who have a higher cardiorespiratory fitness have been associated with a lower overall total adiposity. 36 Waist circumference, a measure of adiposity, was lower at 12 months and highlighted a large effect in this sample, inferring the potential additional benefit the combination of intragastric balloon and lifestyle programme had in promoting a physically active lifestyle. Although only modest changes were self-reported on the physical activity questionnaire in the 7 days before conducting the assessment(s), improvements in physical fitness were observed and maintained at 12 months. Coupled with maximal efforts received using the pictorial children's effort rating table for children 27 data here demonstrate not only the adolescents ability to work to perceived maximum effort, but the importance of including an objective measure of fitness combined with the self-reported physical activity measure.
HRQoL is a comprehensive and multidimensional construct 19 that includes physical, emotional, social and school functioningall influential when working with adolescents. 19 Obese adolescents reportedly have lower HRQoL scores than their healthy weight counterparts. 37 A previous study found obese children and adolescents reported significant impairment not only in total scale score (mean score was 67 for obese children and adolescents compared with 83 for healthy children and adolescents), but also across all domains-physical, psychosocial, emotional, social and school functioning-in comparison with healthy children and adolescents. 38 Noticeably in this study, child self-report baseline scores (Table 1 ) across all domains (physical, emotional, social and school) were low when compared with other studies in overweight and obese adolescents, inferring HRQoL worsens with the degree of obesity. 39 Changes in total score; physical summary score and psychosocial summary scores between baseline and 12 months all exceeded the minimally important clinical difference criterion expressed by Varni et al. 20 Of interest, scores remained higher at 12 months from baseline across all domains irrespective of the pattern of weight regain, suggesting other variables, such as treatment approach, physical activity and life events, could have independent effects on improving HRQoL. 20, 40, 41 Yet, many studies continue to combine child and adolescent age groups 42 making it difficult to determine adolescent-specific outcomes. 43 What these results reinforce is the need for treatment to focus specifically on severely obese adolescents as a distinct population to begin to understand the complexity.
Parental proxy measures reported here (mean total score of 54.61 at baseline), were low when compared with the parents of obese children and adolescents (mean total score of 63.3) and parents of healthy weight children (mean total score of 87.6). 37 All change values exceeded the minimal clinical important difference specified. 39 In addition, parents throughout this study consistently perceived a worse QoL for their child in line with previous findings. 44 The reason for this discrepancy is unknown, but not unique to obesity. A possibility could be parent's catastrophise the situation or lack understanding of their child's lived experience. 20 Given the role parents have in seeking obesity treatment, it is critical that their perspective is captured. Further research is needed to elicit the degree of weight change needed to influence QoL scores and to explore mediators of this relationship.
Physical and self perceptions scores were similar to scores reported by overweight and obese counterparts. 45 Obese adolescents have lower self-esteem than healthy weight counterparts but the way they view and feel about their bodies is likely to be heavily implicated in the development and continuing presence of more-serious psychopathologic conditions. 45 Positive changes observed and maintained across 6, 12 and 24 month follow-up period within the physical self-perception domain (general feelings of satisfaction and confidence regarding the self in the physical domain) and body attractiveness scale (attractiveness of their bodies and how confident they feel about their appearance), in addition to a large effect within the strength domain at 6 months (perception of strength and muscle development), infers participation in a tailored physical activity and lifestyle intervention enables severely obese adolescents to view themselves and their bodies more favourably in the shorter term.
CONCLUSIONS AND LIMITATIONS
This study is one of the first to specifically tailor a treatment approach for severely obese adolescents and their families. Findings contribute to the existing literature on the safety and acceptability of an intra-gastric balloon, as an adjunct to a lifestyle support programme, to induce short-term weight loss and produce clinically important improvements in HRQoL.
These results must be interpreted with several limitations in mind. First, this is an un-controlled pilot study with a small sample; therefore inferences to efficacy and effectiveness of the intervention cannot be reported. This study fulfills the purpose of a pilot study, gathering information on the design, assessment procedures, and implementation of the novel intervention to inform a future research controlled trial. In light of this, a conscious choice to include the metric of meaningfulness, namely effect size 27 with the presentation of 95% CIs were used to allow a meaningful interpretation of the data set, alongside statistical null hypothesis testing, therefore strengthening this study. Second, the lifestyle programme was delivered within a university research environment, reinforcing a key challenge for obesity treatment-the transition from a supportive intervention to longer term behaviour change at home. 33 Further work is needed to explore the integration of families' real world environment within intervention programmes to support long-term behavioural change.
The use of an intra-gastric balloon and the delivery of a lifestyle behavioural programme is a safe, acceptable and well-tolerated technique within a pilot sample of severely obese adolescents. This novel approach offers potential to produce short-term reductions in BMI Z-score and physical fitness, which is known to have beneficial impact on health and well-being later in life. 2 Results also exceeded the minimal clinical important differences in all domains of HRQoL, with improvements sustained at 12 months. Furthermore, the detailed reporting on the lifestyle programmes content 12 provides important and pragmatic information to assist researchers and practitioners in the design and implementation of future programmes tailored to severely obese adolescents and their families. Further research is needed on the maintenance of positive changes longer term and the integration of programmes within families' home life.
